I
N DI A N G R A SS , Sorghastrum nutans (L.) Nash, is a warm-season cross-pollinated perennial grass that is native to the prairies and plains of the United States, where it is used for summer grazing and prairie hay. The chromosome number of indiangrass is 2n = 40, and its meiotic behavior is normally that of a diploid (Riley and Vogel, 1979) . Although several cultivars of indiangrass have been released, there is little published information on the genetics of this species.
The purpose of our research was to obtain heritability estimates for forage yield, in vitro dry matter digestibility (IVDMD), protein content, and heading date and to determine the relationship among these traits.
Heritability estimates for forage yield and quality have been reported previously for several warm-season grasses. 
MATERIALS AND METHODS
The indiangrass population used in this study and the field plot procedures have been described previously (Vogel et aI., 1980a). In brief, two indiangrass populations derived from the cultivars 'Holt' and 'Oto' were used. Holt was developed by mass selection from ecotypes collected in northeast Nebraska, while Oro, which is 20 days later in maturity than Holt, was developed by mass and progeny selection from ecotypes collected in southeast Nebraska and northeast Kansas (Hanson, 1972 In this selection process, attention was given only to the trait being selected. For example, protein content or heading date was not considered when selecting plants for IVDMD. Consequently, we believe the selected parent plants approximate a random sample of the original cultivars. In 1975, two ramets of the parental clones, similar in size to the plants established the previous year, were transplanted into the same nursery. A family plot consisted of a parental ramet and four progeny plants.
In 1976, data were collected on every plant in the nursery while in 1977 data were collected only from 30 Oto families that had high yields in 1976 for both parents and progenies. Complete data sets used in the statistical analyses were available from 36 Holt families, 147 sets of Oto parents and 146 sets of Oro progenies in 1976. On the heading date (the number of days after 30 June when five or more panicles had emerged from the boot), the tillers bearing the first five panicles were cut 5 em above the base of the plant. These tillers were used for IVDMD and protein analyses. The Tilley and Terry (1963) method was used to determine the IVDMD percentage and the Kjeldahl procedure was used to determine crude protein content (A.O.A.C., 1960).
The parent and progeny data were analyzed using conventional analyses of variance and covariance procedures. The data for 1976-1977 were analyzed as a split plot in time. Individual progeny plants within a plot were analyzed as subsamples. The methods described by Gardner (1963) for separating variances into their genetic and environmental components were used. 
clones for 2 years. , ugij = genetic covariance of the ith andjth trait, <T' g.. and cr' g.. = the genetic variance of the ith andj th trait. tt i = standardized selecd6n differential for a selection intensity of 10%, op = phenotypic standard deviation of progeny, H heritability estimate, X = progeny mean.
Variance estimates were used in heritability estimates, while covariances among traits were used to determine phenotypic and genotypic correlations between traits.
Heritability estimates were calculated by several methods, as shown in Table 1 . Variance component estimates were used to provide estimates of heritability in the broad sense among parental clones (Equations 1, 2, 5, and 6) and in the narrow sense for half-sib progenies (Equations 3,4, 7, and 8). Heritabilities were calculated on both a phenotypic mean and an individual plant basis as described by Allard (1964) and Hanson (1963) . The genetic variance among half-sib families is equal to about one-fourth the additive genetic variance (Gardner, 1963) and is multiplied by four to obtain a heritability estimate on an individual plant basis (Equations 7 and 8). Parent-progeny regression (Equation 9) also was used to obtain heritability estimates. Because environmental covariances caused regression of offspring on parents in the same replication to yield inflated heritability estimates (Vogel et al., 1980a) , regression of offspring means in replication 1 on parents in replication 2, and vice versa, were used to obtain heritability estimates with environmental covariances minimized. The regression coefficient is multiplied by 2 to obtain heritability estimates when half-sib means are regressed on parents (Falconer, 1960) .
Realized heritability estimates (Equation 10) also were calculated for IVDMD, protein and heading date. The equation used to calculate realized heritability was described by Newell and Eberhart (1961) . Parental clones with high IVDMD, high protein, or late maturity, and the half-sib progenies of these clones, were used as the selected parents and offspring for the realized heritability estimates. Since half-sib progenies were used to obtain realized heritability, the parent-progeny ratio was multiplied by two.
Phenotypic and genotypic correlations (Equations 11 and 12) among traits were determined as described by Falconer (1960) . Phenotypic correlations were based on mean squares and mean products from the analyses of variance and covariance, while genotypic correlations were calculated from genetic variances and covariances obtained by separation of mean squares and mean products into their genetic and environmental components.
Expected gain from selection (Equation 13) was calculated from the phenotypic standard deviation of the progeny and the heritability estimate determined by parent-progeny regression. The assumptions were that the progenies represented a population of spaced plants and that 10% of the plants for each trait were selected for transplanting into a polycross nursery. The gain from selection is divided by the overall population mean to express gain from selection as a percentage of the mean.
RESULTS AND DISCUSSION
In 1976 there was considerable variation in forage yield for parents and progenies derived from the Holt and Oto populations ( Table 2 ). Mean forage yields for the parental clones in 1976 for both populations were smaller than the mean forage yields of the progenies. The difference in yield between the parents and the progenies was probably due to the parent clones having been transplanted into the nursery 1 year later than the progenies. The yields differed despite attempts to equalize plant sizes at the time the parent clones were transplanted in 1975. The 2-year mean yields of the parents and progenies of the 30 families harvested in 1976 and 1977 were similar. Differences in the yields of Oto and Holt can be attributed in part to differences in maturity.
The means and ranges for IVDMD, protein, and heading date for the parents were similar to those of the progenies for all three data sets ( Table 2 ). In 1976, the Holt population had slightly higher IVDMD and protein values than the Oto population and was 20 days earlier in maturity.
There were significant differences among the Holt parental clones for IVDMD, protein, and heading date, and among the Holt half-sib progenies for yield, protein, and heading date ( Table 2 ). In 1976, there were significant differences among both the Oto parents and progenies for yield, IVDMD, protein, and heading date. For the 30 Oto families harvested in both 1976 and 1977, there were significant differences among the parents for IVDMD, protein, and heading date. Among the Oto progenies for 1976 and 1977, there was a significant difference only for heading date.
Years were a significant source of variation in all traits among the selected Oto progenies for 1976 and 1977 and for protein and heading date among the parents. The genotype X year effect, however, was significant only for heading date among the parents and for protein content among the progenies. Oto 1976:
(10) t Numbers in parentheses refer to the equations, listed in Table 1 , that were used to determine "he heritability estimates.
t H b and H n refer to heritability in the broad and narrow sense, respectively.
Heritability estimates for a trait within a population varied depending upon the method used for calculation (Table 3 ). There were no consistent trends among the estimates obtained by the various methods. In some cases heritability estimates determined by parent-progeny regression were higher than those determined by variance components, and in some cases they were lower. Broad sense heritability estimates for the parental clones were often lower than the narrow sense heritability estimates for the half-sib progenies. The progenies were established a year earlier than the parents and establishment differences among the parent plants resulted in more environmental variation among the parent clones than among the half-sib families, which in turn resulted in low broad sense heritability estimates.
The 30 Oto families evaluated over the 2 years were families in which both parents and progeny performed well in 1976. The 1976 The -1977 heritability estimates determined by parent-progeny regression are probably the most reliable because selected families were used.
Heritability estimates for heading date were very high for both the Holt and Oto populations. Averaged over both populations, narrow sense heritability estimates for forage yield, IVDMD, and protein were 0.43, 0.42, and 0.50, respectively. In calculating the averages, realized heritability values were not used and heritability values greater than one were given a value of one. The average IVDMD and protein heritability values are almost the same as the realized heritability values obtained for the Oto population but are higher than the realized heritability values obtained for the Holt population. The heritability estimates for yield, IVDMD, and protein are similar to those obtained on other warm-season grasses as indicated previously.
Expected gains from selection per cycle in a restricted recurrent selection breeding program (Burton, 1974) , with heritability values calculated by parent-progeny regression, are listed in Table 3 . Expected gains from selection per cycle from the average narrow sense heritability values listed above in Equation 13 of Table 1 are Phenotypic correlations for yield and IVDMD were not significant (Table 4) . Yield and IVDMD were negatively correlated genotypically in the Holt population for both the parents and progenies. However, in Oto in 1976, genotypic correlations between yield and IVDMD were low but positive. For the Oto families harvested for yield in 1976 and 1977, there was a low but positive genotypic correlation between yield and IVDMD among the progenies. Perry and Baltensperger (1979) reported that for Oto indiangrass the IVDMD of stems was equal to or higher than the IVDMD of the leaves throughout the growing season, and the decline in IVDMD with maturity was similar for both leaves and stems. If it is indeed true that Oto leaves are similar to stems in digestibility, increases in yield brought about by increases in either leaves or stems might not have an adverse effect on IVDMD. In general, yield and protein were negatively correlated both phenotypically and genotypically while IVDMD and protein were positively correlated. Heading date was positively correlated with yield but negatively correlated with IVDMD and protein.
In summary, heritability estimates for forage yield, IVDMD, and protein were low to moderately high in the indiangrass populations evaluated. The low but positive genotypic correlations between yield and IVDMD in the Oto population indicated that selection for either of these traits would not have much effect on the other, i.e., simultaneous selection for both traits would be feasible. In the Holt population, some parents had progenies with above average yields and IVDMD, which indicates that selection for both traits also may be feasible in this cultivar if large enough populations were used. If selection for IVDMD is practiced, some increase in protein content could be expected. A space-planted nursery was used in this study, but the results of Burton (1974) and Vogel et al. (1980b) indicate that the performance of warm-season forage grasses in space-planted nurseries is predictive of their performance in swards. The inconsistency among the heritability estimates for a particular trait illustrates that heritability estimates are not absolute but vary according to the method and germplasm used to obtain the estimates.
